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Outline of Presentation

e Background on climate and health

* Disease ecology
e Pathogens of importance

* Explanation of modeling

e Qverview of current work
* San Juan, PR
* Hermosillo, MX

* Future work

e Current challenges

* Creating an operational model
* Conclusions



Climate Variability and Change

* Shift in mean and variance of
current conditions

* Increase in frequency of
extreme conditions

Probability of occurrence

IPCC
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Climate Change Deaths

» 150,000 lives annually over last 30 years (WHO)
* Who & where? How & why?

WHO estimated mortality attributable to climate change by the year 2000

Mortality per million
people

Bl o-2

N 2-4

[ 4-70

B 70-120

[ ] Nodata



Climate Effects on Human Health

y (=) (@

o9 el 3 W\\} Extreme Weather
« Flooding

* Hurricanes

« Tornadoes

Extreme
Temperatures

Pathogens ‘?‘4 Air Quality
* Vector-borne ¥  Pollen
« Water-borne - _l :va—
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Infectious Disease Transmission Cycles

TB, measles malaria, dengue

Human Diseases
Direct transmission Indirect transmission

HUMANS D &~ HUMANS 4\
VECTOR/NEHICLE
VECTOR/NEHICLE
HUMANS NP LUMANS

Animal Diseases

ANIMALS v ™ ANIMALS <\
VECTOR/VEHICLE
VECTOR/VEHICLE
ANIMALS P ANMALS

HUMANS HUMANS

National Research Council, 2001

rabies West Nile virus, Lyme



Leading Causes of Childhood Death

Children in Africa are 15 times more likely to die
before the age of 5 than in developed nations (WHO)

B Neonatal causes
B Other
B Pneumonia*
B Diarthea*
[i=]
Injunies
W AIDS
B Meningitis
B Measles

*Includes neonatal deaths
Source: Liu et al. Lancet 2012

Malaria

* World wide 627,000 deaths in 2012,
(1500-2000/year in US)

* Symptoms can range from mild or absent
to severe (causing death)

* Mosquitoes transmit one of four species
of plasmodium parasites

blog.oup.com
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Notable Environmentally Influenced
Infectious Diseases

Valley Fever

Biology of Coccidioidomycosis
- A, - Environmental Form ('Y“ Host assoclated Form
o ETIN

@

Influenza (Flu)

DR A * « 1 Infectious Droplet -.: o -
- 0 - PR T T .~ .
: > - .! .-. ™ . e .
ser
- .. 'Y -
Large Infectious g Infectious
Droplets Droplets
. ® o o .‘
- ... .. o0 ®
. ® o0
I & . .. -
22 2 8 L] ‘. s N
1-3 Feet 3-5 Feet 5-160+ Feet

respiratory-supplies.medical-supplies-equipment-company.com

Cholera

Monitoring the Temporal Patterns of
Cholera Transmission Risk

http://www.sdnhm.org/exhibifs/épidemic/teachers/images/hanatvirus-cycle.gif



Vector-borne Diseases in the US

Dengue Viruses

* Annually ~ 96 million cases of
symptomatic disease (WHO)

* Endogenous transmission in Texas
and Florida

* Symptoms: muscle and bone ache,
fever, and hemorrhagic
manifestations in rare cases

Lyme Disease

* Transmitted by the tick Ixodes
scapularis (Ixodes pacificus)

* Symptoms: rash, joint pain,
headaches, arthritis

* 11-30,000 cases per year in US

West Nile Virus

* In the US: 39,557 cases of disease
and 1,668 deaths (CDC, 1999-
2013)

* Disease ranges from mild fever to
encephalitis and meningitis

* Now endemic in most of the
United States

Chikungunya Virus

* In 2013 first locally acquired cases
reported in the Americas

* Symptoms include fever, joint pain,
headaches, and rash



How does climate affect mosquito-borne
disease risk?

* Increases in the range of diseases ¢ Increases in the seasonality of diseases

West Nile virus neuroinvasive disease incidence reported to ArboNET, by
state, United States, 2012

ksonville

Risk areas determined by consensus betweer Incidence per 100,000
J )

Miami 0.00
[ 0.01-0.24

informal news reports. Source I 0.25-0.49

. D y’ Bl 050-099 ‘
' Bl >-1.00 o CDC.gov

Absent Unlikely Uncertain Likely Present
 Key . ®  “Healthmap.org

Will transmission risk increase in the future and can we predict it?

sources including: national surveillance systems,

published literature. questionnaires and formal and



Epidemiologic Triangle of Disease (Vector-borne
Diseases)

* A multi-factorial relationship between hosts, agents, vectors
and environment

Host
(eg, Human)

\aeior

Agent Environment
(eg, Pathogen) (eg, Climate)



Systems Modeling

“A system is an interconnected set of elements that is

coherently organized in a way that achieves something.”
- Donella H. Meadows

=== Positive Relationship

== Negative Relationship
===} Positive or Negative /—\ m
Environment: | Temperature r Imma-ture . Precipitation
Habitat

* Why this method? | \\l\\
* Allows us to consider Vector: (pevelopment ( Survival | Reproduction

multiple elements of disease
relationships N

ecology and nonlinear



Modeling Aedes aegypti and Dengue Virus

Ecology
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Modeling Dengue Fever in San Juan, PR

* VVector population are not always
reliable measures of transmission risk
» Added pathogen and human transmission

component to the model

* Aedes aegypti mosquitoes
* Urban, container breeding
* Live in tropical habitats
* Anthropophilic

* San Juan, PR
* Tropical climate
» Seasonal precipitation
* Endemic dengue
» Seasonal cycles of transmission

http://www.interet-general.info/IMG/Aedes-Aegypti-2.jpg
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usclimatedata.com



Data and Methods

 Study Area

* San Juan Municipality, Puerto Rico

* Meteorological and Health Data

* Daily maximum and minimum temperatures and total precipitation
for San Juan, PR

* Weekly clinically diagnosed dengue case counts for 2010-2013 from
CDC for San Juan Municipality, PR

e Model

* Parameterized for Aedes aegypti mosquitoes

* Daily time step

* Run over time period 2009-2013 under varying parameters
* 9600 runs

* Chose best 1% of runs by comparing output to CDC reported data
* For entire time period and individual years



Dengue Cases

Simulation Results (Full Time Period)
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Dengue Cases

Dengue Cases

80r

60 -

80 -

60 -

2010

2012

Simulation Results (By Year)

80 Reported Cases
: 2011 :
i Simulated Cases
. i 60+
' R2=0.83
40+

20

‘-‘-,--ni
o
o4 - "
a o
-~
A
'l )

10

20 30 40 50 10 20 30 40 50
Epi Week Epi Week



Parameter Statistics

* Open containers vs. water storage
* Climate dependence
* Socioeconomic dependence

Proportion Uncovered Container | All 2010 2011 2012 2013

0.9 0 44 22 0 0
0.7 0 32 37 0 0
0.5 0 4 18 0 0
0.3 0 8 14 20 0
0.1 96 \_ 8 5 A_ 76 96

Annual Precip ‘ 227.51 223.99 | ‘ 140.30 216.33 |




Conclusions: Modeling Dengue Fever in San
Juan, PR

* Climate is a key regulator of dengue transmission in San Juan
County, PR

* Temperature limits viral replication during winter
* Precipitation limits mosquito populations during spring

* Human response to weather and climate is important

* Permanent water sources during dry years

* Non-climatic factors are important

* Immunity, virus genetics, public health response



Modeling Dengue Fever in Hermosillo, MX

 Study area

e Hermosillo, Mexico
* Arid climate, summer monsoon Cp 7
* Meteorological/Dengue case . I
data e, T S
. . . T e, NGO
* Daily maximum and minimum oy Memen, o™ 2
temperatures (NLDAS) p—— powir "
* Daily precipitation (TRMM, NLDAS) wwnw ravelnotes.org

* Weekly suspected dengue cases for
Hermosillo, MX 2006-2011

* Model

* Parameterized for Aedes aegypti mosquitoes, daily time step
e Run from 2005-2011 under varying parameters (500)

* Best 3% of runs chosen by comparison with suspected case data (r"2)
* For entire time period and individual years



Model Parameter Estimation

* Containers
* Based on household surveys

* Human managed and open containers
* Used mean values and +/- 25% and 50%

quiteer.c eingalison.com
e Minimum infectious rate

* Minimum amount of infectious humans

* Maintains virus within the population

* Based on case data and previous study in San Juan, PR

* Maximum larval density r'
* Used to calculate density-dependent mortality

* Based on observations, literature, and previous
study in San Juan, PR

answers.yahoo.com



Simulation Results (Full Time Period)
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e Simulations miss the 2010
epidemic
* Not climate driven
* Increased virus introduction
 Serotype/Herd immunity

* Simulations improve when
2010 is excluded

 Climate has greater
influence

e Seasonality driven by
climate



Dengue Cases, Precip(mm)

Dengue Cases, Precip(mm)

Simulation Results (By Year)
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Conclusions: Modeling Dengue Fever in
Hermosillo, MX

* Climate often influences the seasonality and amount of
dengue transmission in Hermosillo Mexico
* Model predicts a shorter/stronger season
* Measured vs effective temperature

* Model sometimes has difficulty simulating low case numbers
* Randomness

* The influence of non-climatic factors is still very significant

* Climate plays minimal role in 2010 epidemic
» Serotype of virus, herd immunity, and virus introduction
* Water storage

* Climate/Transmission rate teleconnections



Next Steps (1)

e Perform simulations
along US Mexico
border

* Examine if/how dengue
transmission varies

* Determine the role of
climate in transmission
disparities
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Next Steps (2)

* Produce quantitative results
that can be used by public
health workers

* Integration of remotely sensed
data, GIS, and systems
modeling

* Why/How does transmission
risk vary across Hermosillo?
* Water storage practices
* Land cover types
* Human population
* Vegetation

* Inclusion of spatiotemporal
dynamics




Challenges in Climate and Health Research

* Reporting problems * Knowledge gaps
* Misdiagnosis * Incubation periods
* Subclinical cases * Transmission probabilities
* Reporting errors/bias  Evolution and adaption of
e Availability of data virus and human immunity

Dengue virus
PDB: 1k4r

virology.wisc.edu

* Human vs. climate influences
* Socioeconomic status
* Microclimatic influences
 Human adaptions to climate




An Operational Model?

* [terative : Using weather forecast and weekly reported
dengue data

mkx
predictions,

"based on model |

results




Conclusions

Natural and human systems are complex &
coupled

Pathogens remind us that we're not always
at the top of the food chain

* Disease risk is not simply dictated by nature, it is
socially constructed, creating differential vulnerability
at the intersection of these systems

* Warmer and more extreme climate shifts will lead to (a) direct
health impacts and (b) impacts exacerbated or mediated by social
and ecological factors

* Complex system interactions raise the possibility of ‘threshold
behavior’ in disease outbreaks



Thank You for Your
Attention!

“Pull out, Betty! Pull out! ...
You’ve hit an artery!”



